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Text.S1. Description of the study areas. 
Athens  
In Athens, because of its high population (3.75 million in the metropolitan area) and the 
concentration of commercial and industrial activities in a relatively small area (approximately 
450 km2), severe environmental degradation has taken place characterized by high loadings 
of atmospheric pollutants. The urban aerosol is strongly affected by the local air-circulation 
in the basin and the sea-breeze effects developing between the Attica peninsula and the 
surrounding sea. The wind speed increases during the day and subsides in the night. 
Combustion processes used for transportation, power generation and other human activities 
produces a mixture of thousands chemical pollutants.  
Augsburg  
Augsburg is a mid-sized city with about 250,000 inhabitants in Bavaria, southern Germany.  
The City of Augsburg is the administrative center of the northwestern region of Bavaria.  
Small and middle-sized industrial entities are located in the northeastern part of the city. City 
planning has designed these as industrial sites. Therefore, the emissions from these sites 
contribute little to the air pollution concentrations in the City of Augsburg if the 
predominately westerly winds prevail. The terrain is moderately flat at 500 m above sea level.  
Barcelona  
The city of Barcelona, NE Spain, with around 1,600,000 inhabitants in the city center and 
over 5,000,000 in the metropolitan area, is located on the Mediterranean coast and 
geographically constrained by the Collserola mountain range to the west, thus atmospheric 
dynamics are influenced by the breeze regime. This area is characterized by mild winters, 
warm summers and prevalent clear sky conditions all year round. Solar radiation is thus 
intense and precipitations are scarce. In the urban background of Barcelona the main source 
of atmospheric PM is road traffic, although contributions from industry, regional secondary 
atmospheric pollutants, construction, and shipping are also relevant. Barcelona has one of the 
highest car densities in Europe (5800 cars taxed in the city/km2, Barcelona City Council,  
2014), with diesel vehicles making up around 47% of the fleet, and one of the most important 
ports of the Mediterranean. In spite of these adverse facts, PM10 and PM2.5 mass 
concentrations have decreased considerably in the last decade. Moreover, different 
meteorological scenarios can have an impact on the levels of pollutants, such as stagnant 
anticyclonic conditions, recirculation of air masses, Atlantic air mass advection or African 




Copenhagen is a city with about 580,000 inhabitants, an area of 86 km2 and a population 
density of 6,700 inhabitants km-2 located on Sealand, one of the largest Danish islands.  
Copenhagen is the capitol of Denmark and about 1,000,000 people live in the greater 
Copenhagen area. There are only few industrial sites in Copenhagen and thus only little 
contribution from these sites is expected to affect air pollution in Copenhagen. On the other 
hand a harbor area is located on the eastern side of Copenhagen directly connected to the city 
where ships stop but also pass by the city crossing the Øresund Strait. On Amager, an island 
south of the inner city center the Copenhagen airport is located in a distance of less than 10 
km where aircrafts take off and land with high frequency as the airport is distributing 
passengers to other Scandinavian distributions. The overall terrain is flat and approximately 
at a few meters above sea level. The climate in Copenhagen can be described as marine or 
continental depending on the prevailing meteorological situation. In general, westerly winds 
are dominating the main wind directions.  
Helsinki  
The city of Helsinki is the capital of Finland, with around 600,000 inhabitants. The Helsinki 
metropolitan area consists of four cities (Helsinki, Vantaa, Espoo, and Kauniainen) and is by 
far the biggest and most densely populated area of Finland with about 1 million inhabitants.  
 is very high, reaching 20,000 
inhabitants per km2 2 (July  
2010) ranks it as quite sparsely populated in comparison to other European capital cities.  
Helsinki metropolitan area is located on a relatively flat land on the coast of the Gulf of  
Finland. The area has a humid continental climate. Average temperature varies from -5 °C in  
February to +18 °C in July. The vast majority of the inhabitants live in the urban areas of the 
cities, but within the boundaries of these cities there are also suburban and rural areas. The 
majority of homes are heated with district heat throughout the year, but in some areas 
residential wood combustion is common. The major sources of PM are traffic, energy 
production and residential wood combustion.  
Rome  
Rome is the largest Italian city, with 2.9 million inhabitants in a 1,285 km2 area. The urban 
area is divided into five concentric circular zones, corresponding with different levels of 
urbanization, population density and road traffic. The historical center, which corresponds to 
the limited traffic zone (LTZ) (55,000 inhabitants over an area of 6 km2), shows the highest 
concentration of business activity in Rome. Warm months, lasting in Rome generally from  
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June to September, are generally characterized by large-scale high-pressure systems. Cold 
months (November  March) are generally characterized by moderately low temperature, 
prevailing north wind. Moreover periodically high pressure systems can produce temperature 
inversions and weak winds, leading to stagnation episodes associated with pollutant 
accumulation in the lowers layers due to poor dispersion conditions. The main pollutants 
emission sources are road vehicles exhausts and small-scale combustion units, with thermal 
capacity < 50 MWth used in the civil sector for heating. Services and commerce are the main 
working activities, and emission of air pollutants from industries is relatively low compared 
with those originating from road traffic sources.  
Ruhr Area (Essen-Mülheim-Oberhausen)  
The so-called Ruhr Area is one of the most populated regions in Europe, covering 4,435 km2 
with about 5 million inhabitants. It has an industrial (coal mining and steel production) 
history that dominated the air quality for long time. While industrial emissions are still a 
concern, especially in certain hot-spots, traffic and domestic heating seem to dominate 
pollution nowadays. The three adjacent cities Essen, Mülheim and Oberhausen are located in 
the western part of the Ruhr Area (378.72 km2) with a total of approximately 946,000 
inhabitants.  
Stockholm  
The city of Stockholm is the capital of Sweden, with around 900,000 inhabitants on 2014.  
The metropolitan area of Greater Stockholm has around 2 million inhabitants (2014).  
Stockholm is situated on the south-central east coast of Sweden, where the freshwater Lake 
Mälaren flows out into the Baltic Sea. The central parts of the city consist of fourteen islands 
that are continuous with the Stockholm archipelago. Over 30% of the city area is made up of 
waterways and another 30% is made up of parks and green spaces. The terrain is flat. Annual 
precipitation is around 500  600 mm and mean temperature around 7 °C. The main local 
source of PNC and PM10 is road traffic. PNC is mainly due to local vehicle exhaust, whereas  
PM10 is mainly from non-exhaust traffic emissions and long-range transport. Road wear is 
more important for PM10 concentrations in Stockholm than in many other countries where 
the use of studded tires is not so common. High PM10 concentrations are found in the inner 
city in springtime mostly due to particle suspension, as a result of the use of studded tires 
when roads are free from snow. Road surface wetness is very important for PM10 with 
systematically higher levels during dry conditions as compared to wet, while no significant 
difference can be observed for PNC. 
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Table S2. Percentage of missing data for daily deaths, air pollution, and air temperature in 
eight European cities 
 Helsinki Stockholm Copenhagen 
Ruhr 
Area 




0 0 0 0 0 0 0 0 
  
Cardiovascular 
0 0 0 0 0 0 0 0 
Air pollutants  
 PM2.5 
3) 0.2 0.0 31.8 51.0 3.2 50.1 6.2 28.4 
 PM10 
3) 0.1 0.3 28.0 1.8 0.8 0.1 6.2 5.2 
 O3 3) 0.0 1.7 28.2 8.4 0.7 0.3 2.3 16.4 
 PNC 
(particles/cm3) 




























PNC levels  
Low -9.2 -4.2 2.6 7.1 13.1 18.5 21.6 25.5 28.1 
High -8.3 -4.6 1.2 5.5 10.2 15.5 19.9 25.0 27.5 
PM2.5 levels  
Low -7.3 -3.1 2.5 6.4 11.6 16.9 20.4 24.3 27.3 
High -8.6 -4.9 1.5 5.6 11.2 18.3 22.3 26.0 28.1 
PM10 levels  
Low -8.5 -3.7 2.0 5.9 11.5 17.4 20.7 24.5 27.3 
High -8.9 -4.1 2.0 6.2 11.7 18.3 22.2 26.1 28.4 
O3 levels  
Low -9.5 -5.6 0.0 3.8 7.6 12.6 16.6 21.2 24.4 
High -6.4 -0.9 5.8 10.8 16.5 20.5 23.1 26.5 28.4 











Fig.S2. Pearson correlation matrix plots between PNC, PM2.5, PM10, O3, and air temperature 




Fig.S3. City-specific and pooled estimates on the short-term association between PNC and 
daily cause-specific mortality: percent increase (95% CI) per 10,000 particles/cm3 increase in 
PNC at lag 6. (A) Nonaccidental mortality; (B) cardiovascular mortality. The point size for 
city-specific estimates represent the weights used in the random effects meta-analyses. The 





Fig.S4. City-specific and pooled estimates on the short-term association between PM2.5 and 
daily cause-specific mortality: percent increase (95% CI) per 3 increase in PM2.5 at 
lag 1. (A) Nonaccidental mortality; (B) cardiovascular mortality. The point size for city-
specific estimates represent the weights used in the random effects meta-analyses. The 






Fig.S5. City-specific and pooled estimates on the short-term association between PM10 and 
daily cause-specific mortality: percent increase (95% CI) per 3 increase in PM10 at 
lag 1. (A) Nonaccidental mortality; (B) cardiovascular mortality. The point size for city-
specific estimates represent the weights used in the random effects meta-analyses. The 






Fig.S6. City-specific and pooled estimates on the short-term association between O3 and 
daily cause-specific mortality: percent increase (95% CI) per 3 increase in O3 at lag 1. 
(A) Nonaccidental mortality; (B) cardiovascular mortality. The point size for city-specific 
estimates represent the weights used in the random effects meta-analyses. The diamonds 





Fig.S7. Sensitivity analysis of modified air pollution-related mortality risk estimates (95% CI) 
by temperature levels (low, medium, high) using 6-10 degree of freedom (df) per year for 




Fig.S8. Sensitivity analysis of modified heat- and cold-related nonaccidental mortality risk 
estimates (95% CI) by air pollution strata using 6-10 degree of freedom (df) per year for time 




Fig.S9. Sensitivity analysis of modified air pollution-related mortality risk estimates (95% CI) 
by air temperature levels (low, medium, and high) using different lag days for air temperature 
category in eight European urban areas. Risk estimates are presented as percent increase (95% 
CI) in daily cause-specific mortality associated with a 10,000 particles/cm3 increase in PNC 






Fig.S10. Modified air pollution-related mortality risk estimates (95% CI) by air temperature 
levels (low, medium, and high) with and without adjustment for co-pollutants in eight 
European urban areas. Risk estimates are presented as percent increase (95% CI) in daily 
cause-specific mortality associated with a 10,000 particles/cm3 increase in PNC at lag day 6 





Fig.S11. Scatter plot of modified air pollution-related mortality risk estimates by air 
temperature levels (low, medium, and high) and city-specific characteristics (average 
temperature, temperature range, average air pollution level, and total number of population). 
The solid lines show the estimated association using a penalized cubic regression spline, and 







Fig.S12. Sensitivity analysis of modified air pollution-related mortality risk estimates (95% 
CI) by air temperature levels (low, medium, high) using multivariate meta-regression models, 






Fig.S13. Sensitivity analysis of modified overall cumulative air temperature-mortality 
associations by air pollution with 95% CIs using multivariate meta-regression models, which 





Fig.S14. Sensitivity analysis of using UFP and total PNC in Augsburg, during 2004-2009. 
 
